A comprehensive review of the scientific literature supports the conclusion that overall the currently commercialized biotechnology-derived soybean, corn, and cotton crops yield environmental benefits. Furthermore, a critical analysis of the literature supports the idea that biotechnology-derived soybean, corn, and cotton pose no environmental concerns unique to or different from those historically associated with conventionally developed crop varieties.
Id. at 1.
The debate about agricultural biotechnology is a subset of a broader debate about conventional agriculture and sustainable agriculture. The estimates presented in Table 6 indicate that if 50% of the maize, oil seed rape, sugar beet, and cotton was grown in the EU as HT or Bt varieties the amount of pesticide used would fall by 14.5 million kg formulated product/annum which represents a decrease of 4.4 million kg of active ingredient. In addition there would be a reduction of 7.5 million ha sprayed. Overall, under a scenario where 50% of the land in each of these crops is planted in [genetically engineered] varieties, total benefits are estimated to include on an annual basis: an increase in net farmer income of $142 million; an increase in food production of 589 thousand tons; an increase in cotton production by 115,000 canters; a decrease in pesticide use of 10 million fedayeen-sprays, equivalent to 2 million liters less pesticide applied. It is fair to say only three things at this point with much confidence, and these apply only in the context of the United States (although they might be expected to have parallels in other countries): Growing transgenic cotton is likely to result in reduced pesticide use in most years in most states, and it is more likely than not to be a relatively profitable enterprise in most of the U.S. cotton belt; Bt corn will provide a small but significant yield increase in most years across the Corn Belt, and in some years and some places the increase will be substantial; Although there is some evidence of a small yield loss in the RR soybean varieties, in most years and locations savings in pesticide costs and, possibly, tillage costs will more than offset the lost revenue from yield discrepancy.
Id. at 34. 32 ELR 11312 11-2002 an environmental problem in the United States and discusses the contribution that agricultural biotechnology likely can make toward a solution for that specifically identified problem. The focus is on the specific, the identified, and not on the general.
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This focused approach on identified environmental problems and the potential contribution of agricultural biotechnology to solutions to those identified problems is important for three reasons.
First, if agricultural biotechnology likely can provide sensible solutions to identified environmental problems, it may become, using U.S. legal terminology, the best available technology (BAT).
5 Second, if agricultural biotechnology is BAT for specified environmental problems, governmental environmental agencies should encourage or adopt agricultural biotechnology as a regulatory approach to the identified environmental problems. 6 Finally, if agricultural biotechnology is BAT, governmental environmental agencies may have an attitudinal shift toward its use. To this point, these agencies most often have been either cautious or openly hostile toward agricultural biotechnology. Environmental agencies may respond differently if they perceive agricultural biotechnology as BAT.
This Article focuses on concentrated animal feeding operations (CAFOs) and manure. In the United States, large animal feeding operations in cattle, poultry, and swine generate significant quantities of manure. The manure is generally collected in manure lagoons or litter piles before being spread on fields as fertilizer for the crops or forages on those fields. Excessive application of manure can result in nutrient runoff (particularly nitrogen and phosphorous) to streams, lakes, and rivers. Agricultural biotechnology has advanced research that addresses the phosphorous nutrient issue.
This Article argues that agricultural biotechnology is a likely BAT to address-expeditiously, flexibly, and efficiently-the environmental problem of phosphorus from animal manures. More specifically, it looks closely at phosphorus pollution of the scenic waters of the state of Oklahoma.
CAFOs and Manures
In the tri-state area of northwestern Arkansas, southwestern Missouri, and northeastern Oklahoma, the major agricultural industry is the production of broiler chickens for food consumption. Numerous poultry houses, generally averaging 30,000 chickens per house, are located in the area. While legally these farms do not qualify as CAFOs, 7 they produce a large quantity of manure. The volume of manure is sufficiently large that the state of Oklahoma has adopted special measures to manage the manure from the chicken houses. 8 The primary environmental concern is the application of chicken manure to fields as fertilizer and soil amendment. If the farmer applies too much fertilizer, excess nutrients (particularly phosphorus) can run off to surface waters, causing eutrophication and other water quality problems.
9 To address this nutrient runoff, the state mandates that chicken farmers develop an animal waste management plan (AWMP) that determines the appropriate rates for the use of chicken manure.
10
Even with these AWMPs, the state, acting through the Oklahoma Water Resources Board (OWRB), decided that the level of phosphorus from these chicken-farm nutrients was too high in the Illinois River, which is located in northeastern Oklahoma. Approximately 4.4 million kilograms per year (kg/yr) of phosphorus is produced in the watershed, 3.7 million kg/yr in the state of Arkansas, and 770,000 kg/yr in the state of Oklahoma. The Illinois River is designated as a scenic river. 11 In spring 2002, in order to protect the Illinois River, the OWRB adopted a numeric phosphorus level for scenic rivers. The OWRB set the level for allowable phosphorus as follows: "The thirty (30) 7. Under CWA regulations, a chicken operation is a CAFO only if the production system uses a continuous overflow watering system or a liquid manure system. 40 C.F.R. §122.23 App. B. To avoid the CAFO legal designation, the chicken industry abandoned those production methods and handles chicken manure as a dry litter.
8. Okla. Stat. tit. 2, § §10-9.1 to 10-9.21 (2001). Sections 10-9.1 to 10-9.12 are the Oklahoma Registered Poultry Feeding Operations Act; § §10-9.13 to 10-9.15 are the Oklahoma Poultry Waste Transfer Act; § §10-9.16 to 10.9-21 are the Oklahoma Poultry Waste Applicators Certification Act.
9. In northeastern Oklahoma, agricultural nonpoint sources of pollution (primarily the field application of chicken litter as fertilizer) accounts for 73% of the total phosphorus loading of Lake Eucha, a lake on the Grand River. rus in the Illinois River is 2.7 mg/L. 14 Consequently, within 10 years, Oklahoma chicken farmers must reduce their phosphorus runoff by approximately 100 times.
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Agricultural biotechnology offers three approaches that may help provide a solution, allowing both the state of Oklahoma and the chicken farmers to attain the statutory goal.
Chickens, like other monogastric animals (including swine), 16 cannot digest the phytic acid that the feed rations of soybeans and maize contain. Consequently, chickens excrete the undigested acid, thereby becoming the source of phosphorus in the manure. If the soybeans or maize were lower in phytic acid, chickens would excrete less phosphorus in their manure. 17 Agricultural biotechnologists have created low phytate soybeans and maize precisely to reduce phosphorus in chicken manure in order to address phosphorus pollution from manure. 18 One scientist reported that preliminary tests indicated that low phytic acid soybeans reduced phosphorus levels by 30%. 19 Low phytic acid corn is being grown in a limited market in the Delmarva region (Delaware, Maryland, and Virginia) of the eastern United States.
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In addition to the low-phytate grains, biotechnology has also developed transgenic microbial phytase as a feed supplement. The microbial phytase provides the phytase enzyme monogastric animals need to utilize the phytic acid in the feeds. By using microbial phytase, chicken growers can significantly reduce phosphorus in the chicken manures. 21 Indeed, combining the two biotechnology products (transgenic low-phytate feed with transgenic microbial phytase) may likely be the best phosphorus reduction dietary strategy of all.
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Animal biotechnology is less well-known than plant biotechnology. However, both chickens and pigs have been cre-ENVIRONMENTAL LAW REPORTER Copyright © 2002 Environmental Law Institute®, Washington, DC. reprinted with permission from ELR®, http://www.eli.org, 1-800-433-5120. Feeding a combination of low-phytate corn and low-phytate soybean meal with no added inorganic P resulted in optimal performance and bone traits. In addition, pigs fed this diet excreted 53% less P in their manure, compared with pigs fed conventional corn and soybean meal. When used in combination with microbial phytase, the reduction in P excretion would be even greater. The use of these genetically enhanced feedstuffs will enhance the environmental aspects associated with application of swine manure to cropland.
ated with transgenic characteristics. 23 More to the point for this Article, agricultural biotechnologists have created a transgenic swine that produces phytase in its saliva. By having phytase in its saliva, the swine can digest the phytate in the feed rations, turning indigestible phytic acid into a usable source of phosphorous for the animal's nutrition and health. Scientists working on this transgenic pig begin their article by stating that "[t]he main challenge for agriculture in this century is to sustain and increase food production without degrading the environment." 24 The transgenic swine-nicknamed the Enviropig 25 -reduces fecal phosphorus by 64% to 67%, which appears to be the maximum reduction achievable through swine digestion. 26 Chicken manure is spread on fields as fertilizer for the plants. The best management practices for fertilizer use strive to match the nutrient needs of the plants with the types and rate of fertilizer applied to the field. However, much phosphorus applied as fertilizer is poorly available to plants because it quickly becomes fixed in the soil. The problem is particularly true for phytate. 27 If plants could effectively use the phosphorus in the soil, farmers could apply chicken litter without causing as much, if any, environmental damage. Agricultural biotechnologists are working on the creation of plants that can efficiently and effectively use the phosphorus available in soils from fertilizers. 28 Two recent scientific studies establish that transgenic plants can increase their uptake of a form of soil phosphorus when grown under controlled conditions by twentyfold. 29 Transgenic plants, in addition to increased utilization of the phosphorus applied to the field as fertilizer, are likely to have better nutrition and health. Better plant nutrition and health occur because phosphorus is an essential mineral for plant growth, but plants have been able to access available phosphorus only inefficiently. 30 Consequently, transgenic forages (alfalfas and grasses) may be able to address the environmental problem of phosphorus management and also improve the quality of the resulting plants either as grazed forage or bailed hay. 31 When the three agricultural biotechnology approaches (low phytate grains, phytase in animal saliva, and phosphorus-efficient forages) to phosphorus in manures are considered together, there appears to be a very strong likelihood of a significant reduction in excess phosphorus. Agricultural biotechnology thus may well be the best available control technology for achieving the OWRB's new phosphorus standard.
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Conclusion
This Article has focused on one environmental problem in agriculture-the manures from CAFOs. Currently achievable technology, agricultural biotechnology, appears to offer great promise as a BAT to help provide a solution.
Several scientific studies show agricultural biotechnology as a feasible, currently available technology. Moreover, the studies demonstrate that the use of agricultural biotechnology would be a relatively cost-effective technology for the chicken industry. By using low-phytate feeds, farmers would likely avoid expenditures for the dietary supplements presently used to give the animals adequate nutrition. 33 By using transgenic forages that better utilize soil phosphorus, farmers would likely avoid expenditures for commercial NEWS & ANALYSIS Copyright © 2002 Environmental Law Institute®, Washington, DC. reprinted with permission from ELR®, http://www.eli.org, 1-800-433-5120.
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32 ELR 11315 phosphorus fertilizer, 34 and the chicken litter itself would likely become a more valuable resource for farmers as a fertilizer. 35 These cost savings would likely offset significantly, if not totally, cost increases (if any) associated with the use of low-phytate feeds, transgenic animals, and transgenic forages.
Yet technological and economic feasability are not the only hurdles that agricultural biotechnology must surmount in order to be part of the solution. An equally significant obstacle is the mental image that both the poultry industry and environmental agencies hold about agricultural biotechnology. The industry and the agencies must perceive agricultural biotechnology as an environmental technology for it to be successfully applied. 36 There is a saying in the western part of the United States: "You can lead a horse to water, but you cannot make it drink." This Article has sought to gently lead the chicken industry and environmental agencies to agricultural biotechnology in the hope that they will mentally drink the reality: agricultural biotechnology is the best available environmentally sound method of achieving phosphorus concentration goals.
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34. Richardson et al., supra note 29, at 647 ("The development of crop plants that are more efficient in utilization of P from soil and fertilizer sources would be particularly beneficial to agriculture in reducing the consumption of P-based fertilizers.").
35. Chicken litter is presently a valuable resource to chicken farmers. Fertilizer for Free, Progressive Farmer, Aug. 2002, at 25 (discussing the nutrient content of chicken litter for nitrogen, phosphate, and potash).
36. The OECD study on biotechnology and industrial sustainability makes the same textual point. The report states that:
The principal audience of the volume is expected to be senior executives and members of company boards and government policy makers. One aim of the volume is to heighten the business community's awareness of biotechnology and the contribution it can make to the "triple bottom line" [economic, environmental, and societal benefits], by demonstrating what others have achieved and providing a process assessment tool to focus their decision-making process. For policy makers, it seeks to provide a basis for expanding the role of biotechnology and supporting the development of national R&D and technology transfer programmes targeted at sustainable development. Application of Biotechnology, supra note 4, at 9.
